ABSTRACT: Patterns of intra-and interspecific competition on artificial substrata were studled in Patagonia, in an epifaunal community composed of 19 species of bryozoans, 4 spirorbid polychaetes and 1 colonial tunicate. The latter was found to be dominant over bryozoans and both groups were able to overgrow spirorbids. Apparent cessation of growth occurred in intraspecific encounters among bryozoan colonies. Several cases of homosyndrome were recorded in the dominant species Umbonula alvareziana. Competitive ability was correlated with zoarial height in cheilostome but not in cyclostome bryozoans. Lack of correlation between abundance and competitive ability could be related to the relatively early successional stage of this assemblage, where a high proportion of the surface is bare. Analysis of the interaction matrix indicates a clearly hierarchical con~petitive organization of the community. Colony size was found to be an important factor influencing the outcome only in encounters between species with similar competitive abilities. Relationships among number of ovicells, colony shape and overgrowth ability were analyzed in 2 closely related species of Celleporella: the runner-like C. patagonica compensates its poor conlpetitive performance by reaching sexual maturity earlier and having a significantly higher rate of ovicell production than the sheet-like C. yagana.
INTRODUCTION
competitive ability, ovicell production and morphological characteristics in some of the most frequent species. Studies on competitive overgrowth interactions Although the present study focused mainly on intraamong encrusting invertebrates in ep~faunal comand interspecific competition among bryozoan colmunities have Increased considerably In recent years.
onies, some observations on overgrowth abilities of Since substratum availability is often the limiting factor spirorbids and a colonial tunicate are also included. in sessile benthic assemblages (Connell 1961 , Dayton 1971 , Paine 1974 , Jackson 1977a , Osman 1977 , mechanisms for acquiring and holding space are fun-STUDY AREA AND METHODS damental for both solitary and colonial organisms. Data on competitive interference abilities have been
The study was carried out at Puerto Deseado, Santa obtained in different temperate and tropical habitats, Cruz, Argentina (47'45'S, 65"55'W) , which is located such as coral undersurfaces (Jackson & Buss 1975, Buss on the northern shore of an estuary about 40 km in & Jackson 1979 , Jackson 1979a , intertidal and subtidal length and oriented in an E-W direction in its outer hard bottoms (Gordon 1972 , Osman 1977 , Buss 1980a zone. Water temperatures are typically subantarctic b, 1981, Quinn 1982 , Rubin 1982 , Paine 1984 , algae and influenced by the Malvinas Current, varying from (Stebbing 1973a , b, O'Connor et al. 1980 , hermit crab about 4.5"C in winter to 13.5"C in summer. Extreme shells (Karlson & Shenk 1983) and artificial substrata tide amplitude reaches almost 6 m , producing strong (Keen & Neill 1980 , Russ 1982 . Competition for space tidal currents. Salinity varies around 33 %O Kiihnemann has also been studied in fossil epifaunas by Taylor (1970) has described the Puerto Deseado area in more (1979, 1984) and Liddell & Brett (1982) .
detail. This paper analyzes patterns of overgrowth competiTen sand-blasted acrylic panels (24 X 14 X 0.2cm) tion in a Patagonian bryozoan community growing on were provided as surfaces for settlement and growth of artificial panels, as well as the relationships among sessile organisms (Fig. 1 ). They were screwed to a rectangular iron frame in 2 superposed series of 5 adjoining panels. The whole set was maintained in a vertical position ca 2 m beneath low tide level for 9 mo (1 April to 28 December 1977). Panels were then fixed in 5 % formalin, rinsed in water, air-dried and examined under a stereomicroscope.
Percentage cover of each species was estimated by point sampling (Jackson 1977b , 1979a , Sutherland & Karlson 1977 , Russ 1980 . One hundred random points were marked on a transparent sheet which was laid on the panels and organisms underlying these points were recorded. Percentages were then calculated from data pooled over all panels.
Following Stebblng (1973a), overgrowth in bryozoans was defined as the elevation of the growing edge of a colony over another so as to cover the apertures of zooids. All cases of competitive interaction between bryozoan species were counted, with the exception of intraspecific competition in Umbonula alvareziana, in which a maximum of 100 encounters was examined. The methodology proposed by Russ (1982) for statistical treatment of interspecific overgrowth, as well as the arrangement of data in matrices of competitive interaction, was adopted. Species involved in 5 or less encounters were not included in the matrix. Chi-square l-sample tests were performed on interactions with 5 or more cases, so as to test the null hypothesis that no differences in competitive ability exist between both competitors (1 degree of freedom, a = 0.05). In interactions with ties (i.e. apparent cessation of growth on the line of contact between colonies), a score was calculated for each species, made up of the sum of 2 points for each win plus l point for each tie. The chi-square test was then performed on these scores (Russ 1982) .
In order to test the influence of zoarial size on the outcomes between species with similar competitive ability, an interaction matrix was calculated among 7 of the 12 studied bryozoans, taking into account the relative size of both colonies. Species with very poor overgrowth abilities, which generally showed low proportions of ties and reversals, were not included in this matrix.
As a measure of competitive ability the wins/losses ratio (W/L) of each bryozoan species was calculated (Jackson 1979a) .
Zoarial type, number of spines in marginal zooids and marginal thickness of the colony (including spines) were also recorded for the 12 most frequent bryozoan species, in order to relate overgrowth ability with morphologic characteristics of zooids and zoaria. Values for these 12 species (Table 1) were ranked for percentage cover, W/L ratio and colony thickness. Paired correlations were calculated using Spearman's rank order coefficient (Siege1 1956 ).
An index proposed by Rubin (1982) was used to measure the degree of intransitivity of the assemblage:
where P,, [W] = probability that species i will overgrow species j; P, [L] = probabhty that species i is overgrown by species j; n = number of species. This index yields a value of 1 in a perfectly intransitive association. However, a value of is obtained in a perfectly transitive relationship, which would be inadequate as a definition for the upper limit of the index. To overcome this problem, Rubin (1982) In order to compare the rates of ovicell production of Celleporella yagana and C. patagonica, 30 ovicelled colonies of each species were randomly chosen among those having unobstructed growing margins. Obstructed colonies were discarded because growth detention is likely to produce some effect on ovicell production. Numbers of ovicells and zooids were counted on camera lucida drawings of the colonies. Indirect computation of zooid number by measurement of colony area (only applicable in this case to C. yagana) was avoided, for it would have introduced a bias in the data. As a previous step in the analysis, a third-order polynomial regression of ovicell number over zooid number was fitted in both species by means of the POLY program of the statistical package BIOM (Rohlf 1982) . Results of this analysis indicate that the functional relation between both variables can be adequately accounted for by a linear model in C. yagana. On the other hand, C, patagonica seems to show a slight trend to curvilinearity. However, while the linear term is highly significant (P<0.001), the quadratic term scarcely reaches significance (0.05 >P>0.01). As a consequence, a linear model was also fitted in this species, and considered valld until more data can be gathered about ~t s reproductive pattern. The functional relation between ovicell and zooid number are described by the slope of the major axis of the confidence ellipses in a Model I1 regression (Sokal & Rohlf 1981) .
RESULTS
Bryozoans were the dominant organisms in this assemblage at the time of observation, with a percentage cover of 57.5%, while spirorbid polychaetes and 
the colonial tunicate Aplidium sp. occupied 8.3 O/ O and 9.2 % of the surface respectively. Bare space represented 24.9 % of the substratum (Fig. 1 ).
Percentage cover of the 12 most abundant bryozoans is shown in Table 1 . Umbonula alvareziana was by far the most common species in the community (37.6%), accounting for 65.4 O / O of the bryozoan total.
Spirorbid polychaetes were represented by 4 species: Romanchella perrieri (Caullery & Mesnil), Paralaeospira levinseni (Caullery & Mesnil), Protolaeospira lebruni (Caullery & Mesnil) and Romanchella sp. As no specific differences were noted in their competitive abilities against bryozoans and Aplidium, they are discussed together.
Encounters between Aplidium-bryozoans, Aplidiumspirorbids and bryozoans-spirorbids were numerous on the panels. They invariably rendered the same results and were therefore not quantified. Aplidium was clearly dominant over all bryozoans and spirorbids, overgrowing even the largest colonies of Umbonula alvareziana and Arachnopusia monoceros. No spirorbid settlement was seen on the surface of this tunicate.
Bryozoans clearly dominated over spirorbids in the competition for space on the panels. Small tubes of newly settled polychaetes were easily overgrown by the growing margin of sheet-like colonies. They were often completely covered and only visible by a basal examination of detached zoaria. Larger specimens were more difficult to overgrow. A common response by the polychaetes in these cases was the modification of the curve of the outer whorl so as to grow onto the inner whorls and become raised off the substratum. This response seemed to be more effective in those instances in w h c h the polychaete had attained a considerable size before the encounter. While small and medium-sized individuals were often completely occluded, larger ones were more frequently seen with only the orifice projecting off the bryozoan zoarium.
Celleporella patagonica seems to be the only bryozoan which is unable to overgrow spirorbid worms. In the majority of instances growth of the uniserial zoarium appears to have been redirected around the tubes.
Settlement of juvenile spirorbids was often observed on older (i.e. central) parts of Umbonula alvareziana and other sheet-like species.
Data on intraspecific competition appear in the main diagonal of Fig. 2 . Only in the cases of Umbonula alvareziana and Celleporella yagana could sufficient information b e obtained. It confirms the well-established fact that zoaria of the same species generally stop growing where they meet (Knight-Jones & Moyse 1961, Hayward 1973 , Stebbing 1973a , b, Osman 1977 , Seed & O'Connor 1981 , Cancino 1986 ). Growth of these colonies continues along those parts of the growing edge where no obstacles exist. Only 2 cases of large U. alvareziana overgrowing very small colonies of the same species were observed.
During the present study, several probable examples of homosyndrome were observed between colonies of Umbonula alvareziana. Examined colonies in which fusion had occurred were of approximately similarsizes. An inconspicuous crest formed in the central part, where zooids encounter each other frontally. In penpheral areas, however, rows become parallel and finally fuse completely, forming a common growing edge. As a result of this process, 1 circular colony with 2 separate ancestrulae and zones of astogenetic change is formed.
A total of 1405 interspecific encounters among the 19 bryozoan species was recorded. Overgrowth was observed in 1182 cases (84.1 %) and apparent cessation of growth in the other 223 (15.9 %).
Interspecific competition among 12 bryozoan species involved In more than 5 encounters is shown in Fig. 2 . Umbonula alvareziana was the most abundant species of the community and the only one for which interactions with most other bryozoans could be statistically tested. The competitive dominance of U. alvareziana over Celleporella patagonica, C. yagana, C. bougainvillei, Tubulipora stella ta, T. organisans and AndreeLla patagonica is clear, with very few cases of ties and reversals.
On the other hand, encounters between Urnbonula alvareziana and Smittina rnonacha, Exochella longirostris, Celleporella hyalina and Hippadenella margaritifera showed a different pattern. Ties were the most frequent outcome, suggesting similar competitive abilities vis-a-vis these 4 species. While against C. hyalina and H. margaritifera there was no clear winner, U. alvareziana won in the other 2 cases. However, an analysis of these 2 interactions, shown in Fig. 3 , reveals that the dominance of U. alvareziana over E. longirostris and S. monacha 1s related to size frequency of its colonies, which are larger than those of its competitors in most instances.
Arachnopusia n~onoceros seems to be the only frequent bryozoan that won in competition with Urnbonula alvar-eziana. A , n~onoceros clearly dominated when its colonies were larger In contrast, ties commonly occurred when U. alvareziana was larger (Fig. 3) . However, scores obtained by both specles in the W/L ratio are distorted by the greater abundance of U. alvareziana and d o not reflect the dominance of A. monocerosin this interaction (Table 1) .
A response of the nearly circular colonies of Tubulipora organisans against Umbonula alvareziana is the elevation of the growing edge off the substratum. The same was observed by Stebbing (1973b) in another 2 cyclostomes. Although this can be effective in some cases, U. alvareziana often climbs over it, begins covering the basal parts of the zooids and sometimes also overgrows the peristomes. On the other hand, the zoarial type of T. stellata, with lobulated arms, makes this species more vulnerable than T. organisans to growth of U. alvareziana.
Although the number of cases is not enough to reach statistical significance, 2 other rare bryozoans seem to have high competitive abilities. Beania rnagellanica was found anchored with the root-like extremities of its Arrow points to significant winner in interspecific competition. NS: no significant differences in competitive ability. Intraspecific competition appears in the major diagonal; only data for Unibonula alvareziana and Celleporella yaydnd reach statistical significance. See Table 1 kenozooidal tubes to 1 zoarium of Arachnopusia monoceros, 1 of Hippadenella margaritifera and 2 of Umbonula alvareziana. The latter was also covered by an uncalcified and flexible colony of the ctenostome Alcyonidium polyoum in 1 case. Correlation between percentage cover and competitive ability of bryozoan species measured by the W/L ratio (Table l ) does not differ significantly from zero (r, = 0.1 1, p>0.05). This is because species m t h high competitive abilities, such as Arachoposia monoceros, Hippadenella margaritifera and Celleporella hyalina are relatively scarce on the panels. In contrast, C.patagonica, the second most abundant bryozoan, has the lowest competitive ability in the community.
The null hypothesis that there was no correlation between colony thickness and competitive ability, measured by the W/L ratio, cannot be rejected (r, = 0.38, p > 0 . 0 5 ) . The greatest contribution to differences in ranks was due to the cyclostomes, Tubulipora organisans and T. stellata. These species have the tallest zooids in the assemblage but very low values for the W/L ratio (Table 1) . However, if the same test is carried out taking into account only cheilostome species, correlation becomes highly significant (r, = 0.83, p<O.Ol).
Differences in zoarial height among spiny cheilostomes (Umbon ula alvareziana, Arachnopusia monoceros, Exochella longlrostris, Smittina monacha) were relatively small (Table 1) . A high proportion of ties is observed in encounters among these species (Figs. 2  and 3 ). On the other hand, colony thicknesses of A. monoceros and U. alvarezlana are from 3 to more than 5 times greater than those of Celleporella patagonica and C. yagana. Differences are in these instances so important that this factor becomes the main determinant of the outcome.
With the exception of Celleporella patagonica and Tubulipora stellata, all bryozoans in this community develop colonies of approximately circular shape after early stages of astogeny (Table 1) . As a consequence, an overwhelming proportion of intra-and interspecific encounters were found to be frontal (Fig. l ) , with very few lateral and rear encounters. Therefore, the influence of the encounter angle on competitive relationships could not be quantitatively evaluated.
The index proposed by Rubin (1982) was applied to overgrowth data of Fig. 2 . Since one of the conditions to use this index is that all species in the matrix must encounter one another at least once, calculations could be done only in the 6 most frequent species (Umbonula alvareziana, Celleporella patagonica, C. yagana, Exochella longirostris, Smittina monacha, Arachnopusia monoceros). Since A. monoceros loses in only 1 opportunity, the index reaches a value of 11.23, exceeding the figure for near-perfect transitivity for 6 species obtained by Rubin (5.01). Excluding A. monoceros from the calculations, a result of 3.99 is obtained, which approaches the maximum theoretical value for 5 species (4.61).
Celleporella patagonica has the lowest W/L ratio in the community (Table l ) , losing in its interactions with all other species. C. yagana and C. bougainvillei also have low competitive abhties. They are overgrown by cheilostomes with spiny and taller marginal zooids, such as Umbonula alvareziana, Exochella longirostris, Arachnopusia monoceros and Smittina monacha (Table  1 ; Fig. 2 ). Their sheet-like colonies are, however, dominant over the runner-like ones of C. patagonica. Fig. 4 shows the relation between number of ovicells and number of zooids in C. yagana and C. patagonica. The expected number of zooids needed to produce the first ovicell (calculated from the regression line) is lower in C. patagonica (122), than in C. yagana (213). The smallest observed colonies on panels had 74 zooids with 12 ovicells in C. patagonica, and 180 zooids wlth 3 ovlcells in C. yagana (Fig. 4 ) . Four colonies with only 1 ovicell were found among abundant material of Celleporella spp. gromng on laminar red algae from Puerto Deseado (Mus. Arg. Cienc. Nat. Nos. 32211 and 32251). Three of them corresponded to C. patagonica and had 26, 37 and 48 zooids, while the fourth (C. yagana) had 200 zooids. Therefore, both expected and observed data indicate an earlier onset of sexual reproduction in C. patagonica. In addition, the 95 O/O confidence intervals for the slope of the major axes do not overlap (Fig. 4) , showing a significantly higher rate of ovicell production in the branching, unisenal species. The average number of zooids per cm2 is higher in C. yagana (1022, range: 854 Since zooid size is similar in both species, this implies that at a given growth rate, C. patagonica would be able to expand over a larger area of the substratum, thus reducing the probability that the whole colony be covered by neighbouring competitors.
DISCUSSION
The existence of dominance hierarchies in species competing for space is well known in a variety of marine and terrestrial environments (Quinn 1982 and references therein) . Resource monopolization by a competitive dominant is often prevented in natural communities by intermediate rates of predation or physical disturbance, thus maintaining a certain level of diversity (Paine 1966 , 1974 , Dayton 1971 , Osman 1977 , Russ 1980 .
Although the hierarchical structure of sessile marine epifaunas appears to be widespread, a different competitive pattern has been described in several assemblages composed of encrusting bryozoans and other colonial invertebrates. These are characterized by intransitive relationships or competitive networks (Jackson & Buss 1975 , Buss 1976 , 1980a , Buss & Jackson 1979 , Jackson 1977a , 1979a , Rubin 1982 , i.e. the occurrence of loops by which low-ranked species are capable of overgrowing higher-ranked competitors. Con~petitive networks allow the maintenance of relatively high diversity levels in environments with low rates of disturbance. The relationships among intransitivity, disturbance, recruitment rates and other factors influencing the structure of communities of sessile colonial invertebrates have been recently analyzed in sin~ulation studies (Karlson & Jackson 1981 , Karlson & Buss 1984 , Karlson 1985 .
Analysis of overgrowth data in Fig. 2 , as well as values for the intransitivity index, clearly indicate that the competitive organization in this bryozoan assemblage 1s essentially hierarchical. Absence of intransitive competitive relationships could be related to the very low proportion of lateral and rear encounters. Jackson (1979a) , Buss (1981) and Rubin (1982) have pointed out the importance of the encounter angle in overgrowth competition. While in frontal encounters both growing edges meet, flank and rear encounters involve a higher proportion of growing edge to non-growing edge interactions, increasing the percentage of reversals.
Lack of intransitivity may also b e related to the absence of sponges. Jackson & Buss (1975) and Buss (1976) have reported that several sponges exhibit species-specific allelochen1ical effects, which may provide mechanisms for the occurrence of complex competitive networks in marine epifaunal communities.
Vertical relief of the colony has been regarded as an important factor influencing the competitive capability of a bryozoan species (Buss 1980a ). The present study shows a clear correlation between zoarial height and W/L ratio values for cheilostomes but not for cyclostomes. The poor competitive performance of the latter against cheilostome bryozoans has been already pointed out by Harmelin (1976) in his detailed ecological study of the Mediterranean fauna.
Present results also indicate that colony size has a minor importance when interacting species have very different overgrowth abilities. In contrast, when overgrowth capabilities are equal, colony size strongly influences the outcome of the encounter The interactions of Umbonula alvareziana with Exochella longirostrjs and Smittina monacha are good examples of this. Factors accounting for the success of the former are not only to be found in morphologic characteristics of its zooids. Either by growing faster or settling earlier on the substratum, zoaria of U. alvareziana are able to attain a larger size before meeting other competitively equivalent species llke E. longzrostris and S. monacha.
This study confirms the results reported by Russ (1982) about the outcome in interactions between species belonging to different taxonomic groups. There is a clear dominance of tunicates over bryozoans, and of the latter over splrorbids, which makes the occurrence of reversals or loops between members of different phyla very unlikely. Reversals have only been observed within the Bryozoa, and particularly between species with similar overgrowth capabilities.
The protrusion of the apertures above a n overgrowing colony observed in Patagonian spirorbids has been previously described for other tube-building polychaetes by Stebbing (1973a) , Osman (1977) and Keen & Neill (1980) . Since in this way large individuals appear to avoid overgrowth by bryozoans more frequently than smaller ones, it could b e considered a s another example of escape in size, a mechanism providing refuge in competition for space between sessile organisms (Jackson 1977a , Sebens 1982 . Fouling spirorbids cannot be regarded a s a source of mortality for bryozoans. Owing to their small size, it is unlikely that more than a few zooidal apertures in the central part of the zoarium could be occluded. Palumbi & Jackson (1983) have reported that proximal, senescent areas of Steginoporella sp. are also more heavily fouled by epibionts compared to younger zones of the colonies.
Homosyndrome (Knight-Jones & Moyse 1961), i.e. the fusion of separate zoana originating from different larvae of the same species, is a well-documented phenomenon in bryozoans. It was observed for the first time in Chilean populations of Membranipora hyadesi (Moyano 1967) , and later reported in the cheilostomes Membranipora mem branacea, Parasmittina trispinosa (Stebbing 1973b) and Parasmiftina nitida (Humphries 1979) , the cyclostornes Microecia suborbicularis and Diplosolen obelium (Harmelin 1976 ) and the Permian fenestrate Septopora sp. (McKinney 1981) . Although the cases of fusion in Umbonula alvareziana observed in the present study appear to be total, the existence of communication organs in the line of contact between zooids of both colonies could not be confirmed.
The absence of correlation between percentage cover and overgrowth ability observed in the present study may be related to the relatively early successional stage of this community, in which bare space and fugitive species such as Celleporella patagonica still occupy a considerable proportion of the surface. A completely different pattern has been found by Keen & Neill (1980) in a bryozoan-dominated assemblage settled on concrete blocks after 3 yr of exposure. In this case rarity was associated with lowest overgrowth incidence, while numerically predominant species showed the highest overgrowth ability.
Colony shape and growing pattern are fundamental characteristics determining the way in which a bryozoan species competes for space in an epifaunal community (Jackson 1979b (Jackson , 1981 . It is interesting to note how different morphological strategies have evolved within the cheilostome genus Celleporella. Of the 4 species represented in this assemblage, only C. hyalina was a successful competitor, while the other 3 species have, together with Tubulipora organisans, the lowest values for the W/L ratio. The relatively high W/L ratio of C, hyalina could be related to the multilayered structure of its colonies. Whereas the basal layer is composed of autozooids, male and female zooids develop from frontally directed pore chambers located near the proximolateral margins of the zooids (Lidgard 1985a, b) . In addition to its defensive functions in overgrowth competition, budding of multilayered colonies is a normal process in the astogeny of C. hyalina. Indeed, it was observed in all colonies which had attained a considerable size, even in those not threatened by overgrowth by neighbouring competitors. On the other hand, frontal budding in Smittina monacha has different characteristics. Buds arise from the upward growth of the membranous cuticular wall that covers the hypostegal coelom. Following a budding process which has been well studied in other cheilostome species (Banta 1972 , Lidgard 1985a , the hypostega begins to expand and finally forms the bud that will become the new zooid. The development of frontal budding was not frequent in the present S. monacha, and appears to have been a response to overgrowth, since it was observed only in cases of particularly intense competition, in which growth of the basal layer was almost totally obstructed.
Celleporella yagana, C. patagonica and C. bougainvillei are very abundant in different subtidal environments in Puerto Deseado, particularly on red and brown algae (Lopez Gappa et al. 1982 , Lopez Gappa 1985 , most of which have relatively short life-cycles. The low overgrowth abilities of C. yagana and C. patagonica, together with their high percentage cover on panels, suggest that they are adapted to colonizing new substrata during early stages of succession, becoming sexually mature before being overgrown by other competitors. Both species are very closely related, having in common a peculiar tatiform ancestrula, and were only recently recognized as 2 different taxonomic entities (Moyano & Gordon 1980 , Lopez Gappa 1985 M o y a n o 1986). T h e interaction b e t w e e n t h e s e 2 rselected species is a g o o d e x a m p l e of competitive d o m i n a n c e of sheet-like zoaria o v e r runner-like o n e s , since C. patagonica a n d C. yagana h a v e a similar zooidal morphology but differ mainly i n their astogenies a n d colony s h a p e s . T h e fugitive strategy displayed b y C. patagonica is therefore consistent with t h e m o d e l d e v e l o p e d by Buss (1979) , which predicts that runner-like forms should exhibit higher recruitm e n t a n d growth rates, b u t lower interference competitive capabilities, t h a n sheet-like forms. Recruitment a n d growth rates a r e still u n k n o w n i n these 2 species.
H o w e v e r , it is clear from p r e s e n t e v i d e n c e t h a t C. patagonica c o m p e n s a t e s its poor competitive performa n c e b y r e a c h i n g sexual maturity earlier a n d h a v i n g a significantly higher r a t e of ovicell production.
